We also constructed a preprocessing class, which contains some useful preprocessing operations. In this paper the most popular words in Arabic writing were identified for the first time, using an associated program.
Introduction
An offline handwriting character recognition system is required to perform the automatic transcription of text where only an image of the script is available. Much work has been done on the recognition of Latin characters, covering both the cases of separated (hand printed) characters and cursive script. Much less research has been undertaken on the task of recognizing Arab characters. The results reported are also applicable to the recognition of handwritten text in languages such as Farsi, Kurd, Persian, and Urdu, which use Arabic characters in writing, although the pronunciation is different.
Previous research in the area includes that carried out by Abuhaiba et al., who dealt with some problems in the processing of binary images of handwritten text documents [1] . Almuallim and Yamaguchi proposed a structural recognition technique for Arabic handwritten words [2] . A look-up table is used for the recognition of isolated hand-written Arabic characters in [3] . Amin and others proposed a technique for the recognition of handprinted Arabic characters using a neural network [4] , a technique first used for Arabic writing by by Obaid [5] . Saleh et al. describes an efficient algorithm for coding handwritten Arabic characters [6] . It is noted that most of the above work was done assuming that the Arabic handwritten word is already segmented into separated characters, before recognition. Another restriction was that the training and testing data consisted of only a small number of samples written by a single writer.
In this paper, we consider the stages of designing, storing, and retrieving information, as well as with the preprocessing of offline handwritten Arabic words. Successful off-line Arabic character recognition is likely to be a complex process involving many steps that are interdependent and may need to be undone using backtracking algorithms. It is crucial to have a suitable representational scheme to underpin the research. In this paper the first organized database for Arabic handwritten text and words is described.
A significant aspect of handwriting recognition in domains such as bank cheques [7] and postal address recognition [8] is that there is no control over the author, writing instrument, or writing style. For example, an arbitrary handwritten word might be produced by a felt pen and could include isolated, touching, overlapping characters, cursive fragments, or fully cursive words [9] . However, these difficulties are offset by the constraint that the input words come from a relatively small fixed vocabulary.
A standard database of images is needed to facilitate research in handwritten text recognition. A number of existing databases for English off-line handwriting recognition are summarized in [10] [11] , and also in [12] [13] [14] .
For machine-printed Arabic the Environmental Research Institue of Michigan (ERIM) has created a database of machine-printed Arabic documents. These images are extracted from typewritten and typeset Arabic books and magazines [15] .
Applications, which usually include some pattern recognition, require the use of large sets of data. Since there are few Arabic databases available, and none of a reasonable size and scope, the AHDB database was built in order to facilitate the training and testing of systems that are able to recognize unconstrained handwritten Arabic text. This Data Base contains Arabic words and text written by a hundred different writers. The following sections describe the steps involved in constructing this database. As the AHDB contains the most popular written Arabic words, the next section will discuss in detail how they were identified. The following sections will discuss how the forms are designed and scanned. There are different approaches to form dropout. Some approaches use separated cleaning steps, while others use combined cleaning methods for both foreground and background [16] . In [17] the three most common approaches to form dropout are described. These are, symbolic subtraction of an image, color filtering, and thresholding. The approach we propose later in this chapter is dropout by color filtering using hardware (optical filtering), which is faster than the other techniques and more accurate than dropout by symbolic subtraction. Sections 4 and 5 will discuss how the AHDB is stored and sorted in separate directories for simpler data retrieval. 
Arabic Word Counting
This step was aimed at finding the most popular words in Arabic writing. First the Arabic texts were copied from several sites from the Internet with different contents and about different subjects.
Secondly a program was written to count the repeated words in text files. The text files contained more than thirty thousand words. Finally, the words were summed up and sorted using Microsoft Excel worksheet.
From the test experiment, the twenty most used words in written Arabic were sorted and are illustrated in table 1, along with their meanings in English. From the table it can be seen that the most popular words in Arabic writing are different from those in English. In English the most popular word is the while in Arabic the most popular word is in.
Form design
The form was designed with six pages. The first three pages were filled with ninety-six words, sixty-seven of which are handwritten words corresponding to numbers that can be used in handwritten cheque writing. The other twenty-nine words are from the most popular words in Arabic writing calculated in section 2.
The fourth page is designed to contain three sentences of handwritten words representing numbers and quantities that can be written on cheques. The fifth page is lined, and designed to be completed by the writer in freehand on any subject of their choice. The colour of the forms was chosen to be light blue and the foreground black ink. The scanner software can mask blue, green, and red. This means we can print forms in green and filled with blue, red or black ink with the same result as a blue form with black writing. In the first three pages, the spaces for handwriting words are equal so there is no pressure on the writer as to the length of the word. 
Forms scanning
Several ways were examined before scanning the completed forms as following: the first forms were scanned in color mode (600 dpi), and then the blue channel mode was applied using photo shop. However, the images still had a grey shadow in place of the blue color in the forms. Subsequently a stamp filter was applied with good results (figure 1 
‫ﻗﺒﻞ‬
Before is more time consuming. The second being that it takes up excessive storage space. Finally the forms were scanned in black and white using channel blue as a mask (hardware mask). The result looks similar to that in the first step but was obtained faster and using much less memory (figure2). One hundred and five forms were scanned using a Hewlett Packard 6350 scanner. The images were scanned at 600 dpi. About one minute was required for scanning and color drop out for each image.
Data storing
Every word image is saved with its name and a number indicating the writer, for example the image for the word "in" for the first writer is saved as in001.TIFF. Common file types in bitmap format are JPEG, GIF, TIFF and WMF. The TIFF format was chosen for the AHDB since it can store complex information for the CMYK color model and can also use JPEG compression techniques. This makes TIFF one of the most robust and well-supported image formats available [18] . For easier retrieval of hand written images, the Arabic handwritten data was sorted and saved in four subdirectories as follows: 1. wrd_no: contains words used for numbers and quantities in cheque filling ( Figure 2 ). 2. Wrd_mst: contains the most popular words in Arabic writing (Table 1. ). 3. Chq: contains sentences used in writing cheques with Arabic words (Figure 3 ). 4. Page: contains free handwriting pages in any area of writer interest (Figure 4 ). 5. Form_Wrd: contains the first three pages of the forms. The first page stored as the number of the form_a. For example, the first of the first form is stored as 001_a. The second page is stored as the number of the form_b. For example, the first of the first form stored as 001_b. Finally, the third page is stored as the number of the form_c. For example, the first of the first form is stored as 001_c. And for counting the number of segments (or blobs as they are called in our system) and their dimensions the system used and developed a "Blobs class" which is fast, as it deals with the stored tiff raw data holding only two scan lines in memory. The result is as shown in figure 5 . 
Preprocessing steps
Preprocessing of the handwritten word image is important in order to organize the information so as to make the task of the recognition simpler. The most crucial step in the pre-processing stage is normalization, which attempts to remove some of those variations in the images which do not affect the identity of the word [19] . The system incorporates normalization for stroke width, slope and height of the letters (see figure 1.) . The normalization task will reduce each word image to one consisting of vertical letters of uniform height on a horizontal base line, and made of one-pixel-wide strokes. In this system, the word image is loaded and cropped. Then the slant and slope of the word is corrected and thinned. Features are calculated to represent the useful information contained in the image of the word [20] . Then the word is segmented into frames, so the features in each frames can be found.
In the Java implementation in our system, every preprocess operation has a separate class.
In the following subsections, the steps involved in the Arabic handwritten preprocessing that is used in this research are discussed in detail. 
Slope Correction
The slope is defined as the angle of the base line of a word that is not written horizontally. The heuristic, used for the base line estimation, consists of three main steps [8] :
Calculation of the vertical density histogram
This is achieved by counting the number of black pixels in each horizontal line in the image, as is seen in the procedure Calculate vertical histogram. Then the base line estimation follows by rejecting the part of the image likely to be hooked descenders. Such a descender is indicated by the maximum peak in the vertical density histogram. Finally the slope correction procedures are applied by the following procedure.
Calculate the slope
This is calculated as following: 1. Find the lowest remaining pixel in each vertical scan line. 2. Retain only the points around the minimum of each chain of pixels and discard the points that are too high.
3. Find the line of best fit through these points.
Slop correction
1. The image of the word is straightened to make the baseline horizontal by application of a "shear" transform parallel to the y-axis. 2. The baseline, height, and bounding rectangle of the cropped image are re-estimated, under the assumption that it is now horizontal.
Slant Correction
The slant is the deviation of strokes from the vertical axis, varying between words and between writers. The slant of a word is estimated by finding the average angle of near-vertical strokes [21] . This is calculated by finding the thinned strokes, using a thinning filter. The mode orientation of those thinned strokes closest to the vertical is used as an overall slant estimate.
Thinning
Numerous algorithms have been proposed for thinning (also called skeletonizing) the plane region. This system uses the Zhang-suen/Stentiford/Holt combined algorithm for thinning binary regions [22] .
Width Normalization
Before finding handwriting features for the word, the original word image can be normalized and encoded in a canonical form, so that different image of the same word are encoded similarly. The normalization task will reduce each word image to one consisting of vertical letters of uniform height on a horizontal base line, and made of one-pixel-wide strokes. The width will be normalized to 64 units wide.
Conclusion
We have built the AHDC which contains Arabic words and text written by a hundred different writers. This database contains words used for numbers and quantities in cheque filling. It also contains the most popular words in Arabic writing (reported for the first time in this paper). Also contained are sentences used in writing cheques with Arabic words. Finally it contains free handwriting pages in any area of writer interest. This database is meant to provide training and testing sets for Arabic text recognition research. Finally there are some useful preprocessing operations applied to the AHDB. 
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